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months DAPT was associated with reduced ischaemic events (p = 0.029), with no increase
in bleeding.

Conclusion

In a population of SCAD patients who completed 6 months of DAPT, a risk score for subse-
quent ischaemic and bleeding events identified patients likely to benefit from continuing or
stopping DAPT.

Introduction

The optimal duration of dual antiplatelet treatment (DAPT) in patients undergoing percutane-
ous coronary intervention (PCI) is one of the most debated issues in interventional cardiology
practice. The most comprehensive review of clinical data suggested that as the DAPT duration
is extended, there is a trade-off between reduced ischemic events (stent thrombosis and myocar-
dial infarction) and increased systemic bleeding risk, with a neutral effect on mortality [1]. The
current American and European practice guidelines recommend a DAPT duration according
to the clinical presentation, e.g. 6 months for patients undergoing PCI due to stable coronary
artery disease (SCAD) and 12 months in cases of acute coronary syndromes (ACS). The guide-
lines stress the need to customise the duration of DAPT according to the relative risks for
ischaemia versus bleeding [2, 3]. Unfortunately, evaluating and balancing these risks is challeng-
ing using clinical judgment alone [4]. Over recent years, validated risk assessment tools have
been developed to add a more objective component to this assessment. The DAPT [5] and PRE-
CISE-DAPT [6] scores were published and integrated into the above-mentioned guidelines [3].
Both scores have significant limitations when applied to patients who undergo PCI due to
SCAD, who constitute half of the PCI population [7]. The DAPT score was designed to predict
the overall benefit versus harm of extending DAPT beyond 12 months while for SCAD patients,
the decision on DAPT cessation or prolongation needs to be addressed at 6 months post-PCI.
In addition, both scores are based on derivation cohorts with a predominance of ACS patients
and on patient populations that were enrolled in randomised clinical trials; hence, their gener-
alizability for the overall PCI population is uncertain. Indeed, as recently reported, the DAPT
score performed poorly when applied to the participants of the ISAR-SAFE trial, in which 60%
of participants had SCAD or silent ischemia [8,9], and the PRODIGY trial, in which only 26%
of participants were SCAD patients [10,11]. This study addressed these knowledge gaps using a
large registry of patients undergoing PCI due to SCAD. Our goals were to: 1) identify baseline
characteristics associated with reduced ischaemic events and/or increased bleeding events from
extending DAPT duration beyond 6 months, 2) develop a risk score, and (3) assess the effective-
ness of that risk score in identifying those patients most likely to benefit/suffer from extending
DAPT beyond 6 months.

Materials and methods

This was a retrospective study based on a large PCI registry. The data source included SCAD
patients undergoing PCI who were identified from the Rabin Medical Centre (RMC) registry
that contains detailed demographic, clinical, and angiographic data on all cases of PCI at a ter-
tiary, academic medical centre from January 1* 2004 [12]. The patients were than identified
using their national identification number in the Clalit health Services (CHS) Services, the
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largest health management organization within the Israeli national healthcare system. CHS
maintains a complete and comprehensive clinical and administrative data warehouse that
includes lab results, medications prescribed and procured, as well as the International Classifi-
cation of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) coded discharge sum-
maries and billing information. Patients’ demographic data were collected from the Israeli
Central Bureau of Statistics and the Ministry of Internal Affairs, as previously reported [13].
The index date for inclusion in the study cohort was the date of the first PCI procedure per-
formed for the indication of SCAD at RMC during the study period.

The inclusion criteria were: age>>18 years at the index date, index PCI performed for an
indication of SCAD, continued inclusion in the CHS at least 1 year prior and 1 year following
the index PCI (unless the patient died within 1 year of the index date), adherence to DAPT for
6 months post-PCI (defined by documented prescriptions and procurement of both acetylsali-
cylic acid and clopidogrel [treatment with ticagrelor/prasugrel is permited only for ACS
patients in Israel] following the index date) [14]. The exclusion criteria were: treatment with
oral anticoagulation therapy at any time during the 6 months following the index date, preg-
nancy at the index date or during the following 6 months, a diagnosis of ACS or a PCI per-
formed in the 6 months prior to the index date, a diagnosis of an ischemic or bleeding event
(see appendix for detailed description) in the 6 months following the index date.

We hypothesised that since prolonging DAPT entails a trade-off between ischaemic and
bleeding risks (reduction in ischemic risk with concomitant increase in bleeding risk), patients
with a large absolute risk difference (ARD) between these opposing outcomes (ischaemia
minus bleeding) are more likely to benefit from extending DAPT beyond 6 months. In con-
trast, patients with a low ARD are more likely to suffer harm from extending DAPT beyond 6
months. We further hypothesised that the ARD for each patient can be accurately predicted
using a set of commonly available clinical characteristics. The three co-primary endpoints for
this study were all-cause mortality; ischaemic events (primary efficacy endpoint): a composite
endpoint defined as myocardial infarction (MI)/cerebrovascular accident (CVA)/PCI due to
ACS, and major bleeding events that qualify at least as type 2 (e.g. requiring evaluation/inter-
vention by a health care professional/admission) according to the bleeding academic research
consortium (BARC) criteria (primary safety endpoint). Mortality was ascertained and cross
referenced with the national mortality registry, Ischaemic and bleeding endpoints were first
identified through the CHS data warehouse according to ICD-9 codes (see detailed description
in the supplementary material) and in order to avoid abstraction/miscoding errors, ischaemic
events were than verified against the outcome data in the RMC PCI registry (were outcomes
are prospectively collected at 6 month’s intervals by trained research personnel through review
of the patient’s online electronic medical record and/or telephone interview). Bleeding events
(which are not routinely collected by the RMC PCI registry), and ischaemic events that were
identified through ICD-9 codes but were not verified by the RMC PCI were independently
adjudicated by the corresponding author (GW) through review of the patient’s electronic med-
ical record.

The CHS’s institutional review board Review board ("Meir" Medical center, Kfar Saba,
Israel) approved the study, the review board also waived the requirement for patients’
informed consent.

Statistical methods

We developed a simplified risk score to approximate the expected ARD between ischaemic/
bleeding events, and then examined its ability to identify subgroups of patients most likely to
benefit/suffer from extending DAPT beyond 6 months post-PCI. This was done in five stages:
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1. Separate prediction models were developed for the risk of ischaemic and major bleeding
events for the 6-12 month period post-PCI: Baseline socioeconomic, demographic, clinical,
and angiographic characteristics were compared between patients who did/did not experi-
ence ischaemic/major bleeding event during follow-up using the chi-square/Fisher’s exact
test for categorical variables and the t-test/Mann-Whitney U test for continuous variables,
as appropriate. Logistic regression was used to develop two prediction models-the first for
ischaemic events and the second for major bleeding events. All baseline characteristics that
showed a univariate association with ischaemic/bleeding events with a significance level
0f<0.3 were candidates for inclusion in the models. The final multivariable models were fit-
ted using forward stepwise selection using the 0.05 significance level. Model discrimination
was assessed using the c-statistic, and calibration was assessed using calibration plots and
the Hosmer-Lemeshow goodness of fit for statistical significance.

2. The predicted ARD between ischaemic and major bleeding events (the difference between
each participant’s predicted risk for ischaemic/major bleeding events according to the two
prediction models mentioned above) was calculated.

3. A linear regression model was created to assess the association of each independent predic-
tor of ischaemic/major bleeding risk with the predicted ARD between ischaemic/major
bleeding events. This model used the predicted ARD as the outcome variable and all inde-
pendent predictors of ischaemic/major bleeding events (identified by the separate ischae-
mic/major bleeding prediction models) as covariates.

4. A simplified risk score was developed to approximate the predicted ARD between ischae-
mic/major bleeding events by assigning an integer score to each independent predictor of
ischaemic/major bleeding risk. The integer score for each variable was based on its 8 coeffi-
cients in the linear regression model for predicting the ARD between ischaemic/major
bleeding risk.

5. We examined the ability of stratification by predicted ARD/simplified risk score to identify
patients likely to benefit versus suffer harm from extending the DAPT beyond 6 months.
The cumulative incidence of outcomes (total mortality, composite ischaemic endpoint,
composite bleeding endpoint) for patients treated with DAPT for 6 vs. 6+ months for the
6-12 month period post-PCI, were plotted by Kaplan-Meier curves and compared using
the log-rank test, stratified by:

« Predicted ARD between ischaemic/bleeding risk.

« Simplified risk score for approximation of predicted ARD between ischaemic/bleeding
risk.

The threshold for stratification was determined by examining the observed event rate in the
multivariate model’s calibration plots. A two-tailed o. of 0.05 was used to define the signifi-
cance threshold for all comparisons. All statistical analyses were performed with SPSS software
version 24.0 (IBM, Armonk, New-York, US) and R version 3.4.1 (R foundation for statistical
computing, Vienna, Austria). The corresponding author (GW) had full access to all the data in
the study and takes responsibility for its integrity and the data analysis.

Results

From January 1* 2004 to June 30" 2016, 5439 patients underwent PCI due to SCAD at our
medical centre; of these, 2699 were included in the final study cohort after applying all inclu-
sion and exclusion criteria (Fig 1). During the 6 months follow up, 2.9% (78/2699) of patients
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SCAD patients

N=5439

Eligible patients
N=3662

465 - OAC

Eligible patients

N=4974

Eligible patients

173 -MB N=3645

Eligible patients 609 — Plavix
N=4801 noncompliance

948 - PCI Eligible patients

N=3036

Eligible patients 339 - Aspirin
N=3853 noncompliance

125 - CABG Final cohort
N=2699

Eligible patients
N=3728

6 months DAPT 6-12 months DAPT
N=712 N=1987

Fig 1. Cohort selection process. Reasons for exclusion of patients from study: CABG = coronary artery bypass graft
surgery, CVA = cerebrovascular accident, MB = major bleeding, MI = myocardial infarction, OAC = oral
anticoagulation, PCI = percutaneous coronary intervention. Other abbreviations: SCAD = stable coronary artery
disease, DAPT = dual antiplatelet therapy.

https://doi.org/10.1371/journal.pone.0209661.g001

experienced a primary ischaemic endpoint and 1.6% (43/2699) experienced a bleeding event.
The baseline characteristics of patients who did vs. did not experience an ischaemic or bleed-
ing event are shown in Table 1. Patients who experienced an ischaemic event had a higher
prevalence of traditional cardiovascular risk factors (diabetes, hypertension, dyslipidaemia),
prior evidence of established atherosclerotic disease (previous revascularization procedures,
stroke), more complex coronary disease (left main and/or three vessel coronary disease), were
less likely to be treated with drug eluting stents, and were less likely to receive statins. Patients
who experienced a bleeding event were older, had worse renal function, and a higher preva-
lence of left main disease. Importantly, the DAPT duration did not show a statistically signifi-
cant association with ischaemic or bleeding events. Although patients in the longer DAPT
group had a numerically lower rate of ischemic events and higher rate of bleeding events, the
difference was not statistically significant (Table 2).

Using a multivariable logistic regression, four variables (any history of symptoms related to
congestive heart failure/ documented ejection fraction<30%, left main or three vessel coronary
disease, status post [s/p] PCI, and s/p CVA) were found to be independent predictors of
ischaemic events and two variables (age>>75 years and baseline haemoglobin<10 mg/dL) were
found to be independent predictors of major bleeding events (Table 3).

The ROC curves for the ischaemia and major bleeding prediction models are shown in Fig
2, the c-statistics were 0.67 and 0.70, respectively. Calibration plots for each prediction model,
stratified by quartiles of predicted risk are shown in Fig 3. The calibrations of the ischaemic
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Table 1. Patients’ characteristics according their clinical outcome status.

Age (years) 65.52+10.87 66.56+10.63 0.33 65.48+10.83 70.90+11.46 <0.01
Male gender 2016(77.8%) 89(82.4%%) 0.26 2068(77.9%) 37(86%) 0.20
BMI (kg/mz) 28.56+4.34 28.81+5.16 0.10 28.56+4.34 28.81+5.16 0.10
EF (%) 56.13+7.79 53.27%10.18 0.06 56.£7.96 55.53+8.96 0.80

Diabetes at PCI 1148(44.3%) 60(55.6%) 0.02 1188(44.7%) 20(46.5%) 0.82
Hypertension at PCI 2098(81%) 98(90.7%) 0.01 2160(81.3%) 36(83.7%) 0.69
Dyslipidaemia at PCI 2408(92.9%) 106(98.1%) 0.04 2472(93.1%) 42(97.7%) 0.24
Smoking status at PCI 0.92 0.67
Non-smoker 1094(51.5%) 41(50.6%) 1079(5./4%) 18(46.2%)
Former 636((29.9%) 23(28.4%) 561(27.2%) 13(33.3%)
Active 394(18.5%) 17(21%) 419(20.3%) 8(20.5%)
S/P AMI 473(18.3%) 24(22.2%) 0.30 487(18.3%) 10(23.3%) 0.41
S/P PCI 1154(44.5%) 63(58.3%) <0.01 1194(45%) 23(53.5%) 0.27
S/P CABG 276(10.7%) 18(16.7%) 0.05 289(10.9%) 5(11.6%) 0.88
S/P CVA 362(14%) 35(32.4%) <0.01 390(14.7%) 7(16.3%) 0.77
Atrial fibrillation 210(8.1%) 14(13%) 0.07 217(8.2%) 7(16.3%) 0.06
Malignancy* 386(14.9%) 14(13%) 0.58 393(14.8%) 7(16.3%) 0.79

Oral hypoglycaemic 828(32%) 34(31.5%) 0.92 852(32.1%) 10(23.3%) 0.22
Insulin 284(11%) 22(20.4%) <0.01 301(11.3%) 5(11.6%) 0.95
NSAIDS 17(0.7%) 0(0%) 0.40 17(0.6%) 0(0%) 0.60
PPIL 863(33.3%) 42(38.9%) 0.22 891(33.5%) 14(32.6%) 0.89
H2RA 276(10.7%) 15(13.9%) 0.29 286(10.8%) 5(11.6%) 0.86
Anti-hypertensive treatment 2398(92.2%) 99(91.7%) 0.89 2447(92.1%) 41(95.3%) 0.44

Statins

2374(91.6%)

88(81.5%)

2421(91.2%)

41(95.3%)

Haemoglobin at PCI (mg/ 13.70+ 1.53 13.58+1.49 0.07 13.70+ 1.53 13.38+1.78 0.29
dL)

Platelets at PCI (x10°) 235468 221457 0.12 235467 224+71 0.40
INR at PCI 1.00+0.14 1.01%0.92 0.32 1.00+0.12 1.17+0.88 0.27
Albumin at PCI (g/dL) 4.312+0.31 4.314%0.33 0.98 4.312+0.31 4.227+0.24 0.37
GFR at PCI (mi/min/ 63.17.422.54 61.23+30.77 0.1 66.11.422.96 57.15+19.85 0.01
1.73m?)

LDL-C at PCI(mg/d) 96.73.433.29 99.01.+37.11 0.56 95.38+31.2 94.17.20+34.9 0.87
HDL-C at PCI(mg/d) 42.57+11.0 4121495 0.28 43.44+11.10 4430+11.9 0.74
HbAIC (%) 7.3741.99 7.1642.14 0.65 7.36+1.78 6.36+0.58 0.33

Radial 1138(43.4%) 29(37.6%) 0.16 1152(43.3%) 15(34.9%) 0.07
Number Vessel Disease 0.01 0.76
1 614(23.7%) 12(11.5%) 618(23.3%) 8(18.6%)
2 877(33.8%) 39(36.1%) 899(33.8%) 17(39.5%)
3 1077(41.6%) 57(52.8%) 1116(42%) 18(41.9%)
(Continued)
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Table 1. (Continued)

LM disease 46(1.8%) 5(4.6%) 0.03 48(1.8%) 3(7%) 0.01
Proximal LAD disease 463(17.9%) 12(11.1%) 0.07 466(17.5%) 9(20.9%) 0.56
Any proximal main vessel 1145(44.3%) 47(43.9%) 0.94 1171(44.2%) 21(48.8%) 0.55
disease
Chronic Total Occlusion 92(3.6%) 0(0%) 0.12 90(3.4%) 2(4.7%) 0.61
Bifurcation 114(4.4%) 2(1.9%) 0.39 114(4.3%) 2(4.7%) 0.63
Calcifications 147(5.7%) 10(9.3%) 0.29 151(5.7%) 6(14%) 0.07
Overall stent length (mm) 30.06+19.36 30.16+17.7 0.93 30.06+19.16 26.86+16.2 0.28
Maximal stent length (mm) 19.90+6.8 20.03+7.5 0.86 19.93+7.0 18.76+6.3 0.25
Mean stent size (mm) 2.96+0.45 3.01+0.51 0.24 2.96+0.46 3.10+0.49 0.05
Min stent size (mm) 2.84%0.48 2.90£0.56 0.36 2.85+0.49 2.97+0.57 0.1
Max stent size (mm) 3.08+0.49 3.14+0.54 0.21 3.08+0.49 3.23£0.50 0.04
Stent type 0.42 0.53

BMS 964(36.8%) 37(47.4%) 989(37.2%) 12(27.9%)

PES 84(3.2%) 2(1.4%) 85(3.2%) 1(2.3%)

SES 449(17.1%) 15(19.2% 457(17.2%) 7(16.3%)

EES 462(17.6%) 9(11.5%) 463(17.4%) 8(18.6%)

ZES 373(14.2%) 10(12.8%) 373(14.0%) 10(23.3%)

BES 158(6.0%) 2(2.6%) 156(5.9%) 4(9.3%)

Mixed DES 131(5.0%) 3(3.8%) 133(5.0%) 1(2.3%)

6+months DAPT 1936(73.7%) 51(64.1%) 0.27 1951(73.3%) 36(83.7%) 0.15

AMI = acute myocardial infarction, BES = Biolimus eluting stent, BMI = body mass index, CABG = coronary artery bypass graft surgery, BMS = bare metal stent,
CVA = cerebrovascular accident, DAPT = dual antiplatelet therapy, DES = drug eluting stent, EES = Everolimus eluting stent, EF = ejection fraction, EP = endpoint,
GFR = glomerular filtration rate, HbA1C = haemoglobin A1C, HDL-C = high density lipoprotein cholesterol, H2RA = histamine 2 receptor antagonists,

INR = international normalized ratio, LAD = left anterior descending, LDL-C = low density lipoprotein cholesterol, LM = left main, NSAIDS = non-steroidal anti-
inflammatory drugs, PCI = percutaneous coronary intervention, PES = Paclitaxel eluting stent, PPI = proton pump inhibitors, SES = Sirolimus eluting stent,

ZES = Zatarolimus eluting stent.

*Diagnosed within 1 year prior to PCL

https://doi.org/10.1371/journal.pone.0209661.t001

Table 2. Summary of endpoints by DAPT duration.

Primary ischaemic EP’ 78(2.9%) 27(3.8%) 51(2.6%) 0.117
Death 35(1.3%) 13(1.8%) 22(1.1%) 0.175
AMI 31(1.1%) 12(1.7%) 19(0.9%) 0.149
CVA 16(0.6%) 4(0.6%) 12(0.6%) 1

PCI for ACS 34(1.3%) 11(1.5%) 23(1.2%) 0.435
Major Bleeding 43(1.6%) 7(1.0%) 36)1.8%) 0.162

* AMI/CVA/PCI for ACS. ACS = acute coronary syndromes, AMI = acute myocardial infarction, CVA = cerebrovascular accident, EP = endpoint, PCI = percutaneous

coronary intervention

https://doi.org/10.1371/journal.pone.0209661.t002
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Table 3. Independent predictors of ischaemic and bleeding events after multivariate adjustment.

Ischaemia model Major Bleeding model
Variable OR 95% CI PV Variable OR 95% CI PV
CHF/EF<30% 2.27 1.34-3.83 0.002 Age>75 3.10 1.64-5.86 <0.001
LM/3VD 1.48 1.10-2.36 0.041 Hb<10 6.41 2.35-17.46 <0.001
S/P PCI 1.91 1.17-3.12 0.009
S/P CVA 2.48 1.49-4.13 <0.001

CHF = congestive heart failure, CVA = cerebrovascular accident, EF = ejection fraction, Hb = haemoglobin, LM = left main, PCI = percutaneous coronary intervention,

S/P = status post, 3VD = triple vessel disease

https://doi.org/10.1371/journal.pone.0209661.t003

and major bleeding risk models were good (p = 0.642 and p = 0.438 for the Hosmer-Lemeshow
goodness of fit of the ischaemia and major bleeding models, respectively). For both endpoints,
the most significant increase in risk was between the third and fourth quartile. Therefore, we
used this threshold for stratification of the cohort into high/low predicted ARD (ischaemic
minus major bleeding) for the purpose of examining the ability of our risk prediction model
and risk score to identify patients likely to benefit/suffer from extending the DAPT duration
(see below).

The results of the linear regression model fitted to approximate the predicted ARD of
ischaemic/major bleeding events showed good correlation with the actual predicted ARD val-
ues (Pearson’s r = 0.915, R* = 0.837). Each covariate in the model (the independent predictors
of ischaemic/major bleeding events identified by the separate logistic regression models) was
highly statistically significant (p<0.001 for all six covariates). The integer scores for each vari-
able included in the final clinical risk score are shown in Table 4. The overall scores ranged
from -9 to +8, and the distribution of the score is shown in Fig 4. The value of the 75™ percen-

tile was 3.
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Fig 2. ROC curves for prediction models. ROC curves and c-statistics of the ischaemic (left) and bleeding (right) prediction models.
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Fig 3. Calibration plots for the prediction models. Calibration plots of the ischaemia (left) and bleeding (right) prediction models, showing the predicted (blue bars) and
observed (orange line and dots) rate of events stratified by the quartiles of the predicted risk.

https://doi.org/10.1371/journal.pone.0209661.9003

Kaplan Meier curves comparing a longer vs. shorter DAPT, stratified by the predicted ARD
between ischaemia and major bleeding events (Q 1-3 and Q4), are shown in Fig 5. In both
strata, there was no difference in overall mortality between patients treated with longer vs.
shorter DAPT. However, for ischaemic and major bleeding events, DAPT duration had a dif-
ferential effect in the two strata. In the bottom three quartiles, a longer DAPT duration was
associated with an increased risk of major bleeding, but a similar risk for ischaemia; whereas,
in the upper quartile, a longer DAPT duration resulted in a lower ischemic risk and no
increase in major bleeding events. For the ARD, in the lower three quartiles, a longer DAPT
duration resulted in an absolute increase of 1% (95% CI: -1.4 to +3.4%) in the risk for overall
clinical (ischaemic + major bleeding) events (number needed to treat [for harm] 100). In the
upper quartile, a longer DAPT duration resulted in an absolute reduction of 4.8% (95% CI
-11.6 to +2.0%) in the overall risk (number needed to treat 20) (Table 5).

When the cohort was stratified according to the simplified clinical risk score (with a thresh-
old of three separating the bottom three quartiles from the upper quartile), the results were
consistent. There was no difference in overall mortality according to DAPT duration, but
there was an advantage for longer DAPT duration in terms of ischaemia with no concomitant
increased risk for major bleeding in the upper quartile and an advantage for shorter DAPT
was found in terms of reduction of major bleeding with no change in ischaemic risk in the bot-
tom three quartiles (Fig 6).

Table 4. Translation of the risk model into an integer score.

Variable score
CHF/EF<30% +2
LM/3VD +1.5
S/P PCI +2
S/P CVA +2.5
Age>75 years -3
Hb<10 -6
Total score range -9to8

CHEF = congestive heart failure, CVA = cerebrovascular accident, EF = ejection fraction, Hb = haemoglobin,

LM = left main, PCI = percutaneous coronary intervention, S/P = status post, 3VD = triple vessel disease

https://doi.org/10.1371/journal.pone.0209661.t004
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Fig 4. Distribution of risk score values in the study cohort. Distribution of risk score values in the study cohort.

https://doi.org/10.1371/journal.pone.0209661.9g004

We were then able to calculate the DAPT score in 76% (2042/2699) of the patients included
in our cohort, with a limitation of not having data on PCIs performed within saphenous vein
grafts. The median score was 1, the distribution of DAPT score in our cohort is shown in Fig
7. The c-statistics of the DAPT score in our cohort were 0.60 for ischemic events and 0.50 for
bleeding events.

Discussion

Our results showed that for patients who underwent PCI due to SCAD and completed 6
months of DAPT without having experienced any ischaemic/bleeding events, a structured
decision tool based on a few clinical characteristics can identify those most likely to benefit
from extending the duration of DAPT past 6 months, similar to what was previously shown
for a PCI population completing 1 year of DAPT [5]. It is now well-acknowledged that the
duration of DAPT should be individualised and tailored to each patient, as bleeding events can
be associated with a longer DAPT duration. The optimal DAPT duration may range from 3-6
months to 30 months post-PCI, depending on the characteristics of the patient [15]. Current
guidelines allow cardiologists very broad leeway in determining the DAPT duration, and rec-
ommend basing this decision on the physician’s assessment of the patient’s ischaemic and
bleeding risks. The main problem is that this assessment is obviously very subjective, and until
recently, there were no validated tools to quantify these risks and aid in making this clinical
decision. The DAPT and PRECISE-DAPT scores are currently the only such tools, and are
both recommended by the latest European guidelines [3]. The DAPT score was developed to
identify patients who are likely to benefit from extending DAPT beyond 1 year, and as such,
contains components evaluating both ischemic and bleeding risk factors. It has two main limi-
tations: 1) it is only relevant to patients who have completed 1 year of DAPT; therefore, it not
suitable to making the decision of whether to continue DAPT beyond 6 months, which is
when this should be addressed in the SCAD population and 2) the external validity is unclear.
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Fig 5. Kaplan-Meier curves for clinical outcomes according to predicted ARD stratum. Kaplan Meier curves for the overall mortality (top row), composite ischaemic
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ARD between ischemic and bleeding events—lower three quartiles (left column) and upper quartile (right column). DAPT = dual antiplatelet therapy, MB = major

bleeding.

https://doi.org/10.1371/journal.pone.0209661.9005

As part of its development process, the score was externally validated using the population of
the PROTECT trial, and despite c-statistics for the ischaemic and bleeding models that were
similar to those of the derivation cohort, it was not able to identify those at higher bleeding
risk (while maintaining the ability to identify those at higher ischaemic risk) [5]. Although the
DAPT score’s ability to predict future ischaemic events, irrespective of DAPT treatment dura-
tion has been externally validated in a large cohort [16], It’s limited external validity to identify

Table 5. Outcomes of patients treated with short vs. long DAPT stratified by the absolute predicted risk differ-
ence between ischaemic and bleeding events.

Risk for ischaemia+bleeding

95%CI ARD with long DAPT

Q1-3 short DAPT 2.5% 1.1%-3.9% 1(-1.4 to +3.4)%
QI1-3long DAPT 3.5% 2.5%-4.5%

Q4 short DAPT 11.3% 6.8%-15.8% -4.8(-11.6 to +2.0)%
Q4 long DAPT 6.5% 4.2%-8.8%

ARD = absolute risk difference, CI = confidence interval, DAPT = dual antiplatelet therapy, MB = major bleeding

https://doi.org/10.1371/journal.pone.0209661.t005
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https://doi.org/10.1371/journal.pone.0209661.9006

patients likely to benefit from longer/shorter DAPT duration has been consistently shown
using cohorts of patients from randomized trials [8,11,17], registry populations [17], or a

520
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Fig 7. Distribution of DAPT scores in the study cohort. Distribution of DAPT scores in the study cohort.
https://doi.org/10.1371/journal.pone.0209661.9g007
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mixture of both [18]. The same limitation applies to the PRECISE-DAPT score, as its ability to
identify patients likely to experience clinical benefit/harm from extended DAPT duration has
not undergone external validation [6].

Our risk score addresses one of the limitations of the DAPT score, as SCAD patients can be
assessed for risk at 6 months post-PCI. Potentially (after appropriate validation), the two scores
can be used consecutively, in a complementary fashion, for SCAD patients undergoing PCI-to
choose suitable patients for continuation of DAPT beyond 6 months post-PCI, and then using
the DAPT score at 12 months post-PCI to identify those likely to benefit from extending
DAPT even further. This sort of a staged decision making process will be more in line with
current guidelines regarding DAPT duration in the SCAD population.

Another novel aspect of our score, is that it is based on a population from a clinical registry,
rather than an RCT. It is well-recognised that the populations of RCT's tend to differ from the
average population seen in daily practice [19]. Consequently, the Achilles’ heel of risk scores
based exclusively on an RCT population is the limited external validity. Developing such scores
from registries of all comers patients has its own limitations (see below), but can potentially
improve the external validity. This stems from two main reasons: higher similarity to the target
population, and allowing the development of risk scores based on cohorts that are homoge-
nous in terms of clinical presentation (i.e. SCAD/ACS/MI), given the well-recognised associa-
tion of clinical presentation with benefit from longer DAPT duration [3]. Unfortunately, all-
comers registries usually contain data on medical treatment at baseline only and prospective
data only on clinical endpoints. Hence, the most available source for data on patients treated
with DAPT for different, but known, durations are RCTs comparing different DAPT dura-
tions. To circumvent this, we cross-referenced and combined two separate registries—a dedi-
cated PCI registry and an administrative HMO-type database that contains pharmacological
data during follow up. The developed risk score has many limitations (as acknowledged
below), most notably, we did not validate our risk score in a separate cohort so we believe our
results should be viewed as a proof-of-concept for the potential benefits of using all-inclusive
PCI registries to create risk scores for determining the DAPT duration, rather than a testament
to the clinical value of the risk score we developed.

Our study has several other limitations. Since the DAPT duration in our cohort was not
randomly assigned, we cannot exclude residual confounding that may have influenced our
results. In addition, we included patients undergoing PCI at a single centre and over a long
period, thus our results have limited generalizability and require validation from more diverse
clinical setting, although as seen from the data presented in Table 1 —the characteristics of our
patients are similar to those of SCAD patients undergoing PCI reported elsewhere [20]. this
also resulted in several procedural characteristics (most notably the use of bare metal stents
and the radial approach) differed from current standards; however, the ischaemic endpoints
we chose are not affected by stent type [21] and similarly, bleeding events beyond 6 months
post-PCI should not be influenced by the access route. We did not collect data on previous
bleeding events (prior to the index PCI), which has been found to be associated with bleeding
risk under DAPT and is included in the PRECISE-DAPT score [6], Due to the administrative
requirementsof the Israeli healthcare system, our cohort included only patients treated with
clopidogrel (which is still the P,Y;, inhibitor of choice in SCAD). Because the follow up period
was only 6 months and the study included SCAD patients only, our prediction models are
based on a small number of outcomes (that are representative of this population when com-
pared to clinical trials reporting outcomes in the year following PCI in populations with a high
representation of SCAD patients) [22-24] and the discrimination ability of our model was
modest for both ischaemic and bleeding events (though similar to the discrimination abilities
of currently recommended risk scores). Finally, our endpoints were primarily identified
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through ICD-9 CM codes, which are prone to abstraction and miscoding errors, but mortality
was ascertained beyond doubt (against a national registry), ischaemic events were verified
against a registry that performs a prospective adjudication of outcomes, and bleeding events
were adjudicated independently by the investigators, so the main concern regarding outcomes
is under reporting rather than lack of validity. As mentioned above-the rate of both ischaemic
and bleeding events was similar to that reported in prospective randomised trials, which sup-
ports the validity of our outcomes. Another issue worth mentioning is that we used the ARD
between ischaemic and bleeding endpoint for the purpose of stratifying our cohort into risk
groups, which implies that ischaemic and bleeding events have the same clinical impact, a con-
cept used by both Yeh et al [5], as well as Costa et al [6], but has not been extensively studied.
There is, however data showing that at least in terms of their effect on subsequent overall mor-
tality-ischaemic and bleeding events have similar impact [25].

Conclusions

In a population of SCAD patients who completed 6 months of DAPT post-PCI with no bleed-
ing/ischaemic events, a risk score for ischaemic and bleeding events identified patients likely
to gain from continuing/stopping DAPT with good calibration and fair discrimination. This
decision tool requires external validation, and we hope our results will spur further efforts to
develop better tools to assist with making decisions on DAPT duration.

Supporting information
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(DOCX)
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